Hemoplasmas or hemotropic mycoplasmas belong to *Mycoplasmataceae* (Mollicutes: Mycoplasmatales) and are able to infect a broad range of mammalian species. The organisms lack cell wall and are not cultivable. They adhere to the surfaces of host erythrocytes and cause their deformity or even damage, leading to hemolytic anemia and icterus. Moreover, they can persist for years in latently infected animals without causing clinical symptoms \[[@r1],[@r2],[@r3], [@r6]\]. Early studies proposed the two hemoplasma species that could infect pigs as *Eperythrozoon suis* and *Eperythrozoon parvum* by morphological features \[[@r7]\]. Further analysis of the 16S rRNA and *rnpB* gene sequences reclassified these two species as swine hemoplasma species *Mycoplasma suis* and *Mycoplasma parvum* \[[@r7]\].

Here, we report a novel hemoplasma agent that caused latent infection in pigs in Zhejiang, China. The 16S rRNA-based phylogenetic analysis suggests that this agent is closely related to Candidatus *Mycoplasma turicensis* isolated from feline \[[@r12], [@r13]\]. Duplex PCR of pig blood samples revealed that about one fourth of the tested pigs were subclinically infected with the novel hemotropic mycoplasma species.

MATERIALS AND METHODS {#s1}
=====================

Blood samples and bacterial strains
-----------------------------------

The first blood sample positive by Giemsa stained smear as a putative novel hemoplasma species was collected from a 20-day old three-breed cross (Landrace, Yorkshire and Duroc) growing piglet (ZJSX1101) with clinical symptoms of eperythrozoonosis in Shangyu county of Zhejiang province. A total of 324 blood samples were then obtained for PCR analysis from clinically healthy pigs of 13 different farms in Zhejiang, China from 2009 to 2013, including 86 two-breed cross (Landrace-Yorkshire) sows and 238 three-breed cross growing pigs at 30--120 days of age. Strains of *Hemophilus parasuis*, *Erysipelothrix rhusiopathiae, Mycoplasma hyosynoviae, Mycoplasma hyorhinis* and *Toxoplasma gondii* for PCR specificity tests were kindly provided by Dr. Y.C. Wang at the swine disease group, Zhejiang Academy of Agricultural Sciences, Hangzhou, China. The *M. wenyonii* strain was kindly provided by Dr. X. M. Song at Zhejiang Academy of Agricultural Sciences, Hangzhou, China, and that of *M. ovis* by Dr X. X. Wang at Henan Agricultural University, Zhengzhou, China.

DNA extraction and PCR analysis
-------------------------------

The hemoplasma DNA templates were extracted from 400 *µl* of blood samples using the Blood DNA Mini Kit (Simgen Biotech. Co., Ltd., Hangzhou, China). The 16S rRNA universal primers fHf1 and rHf2 as well as *rnpB* universal primers 80F1 and 290R1 of the hemoplasma speces were used for respective amplification of the 16S rRNA gene and the *rnpB* fragments of the putative novel strain and *M. suis* or *M. parvum* \[[@r4], [@r5]\] ([Table 1](#tbl_001){ref-type="table"}Table 1.PCR primers used in this studySpeciesGene namePrimersSequence (5′--3′)LocationAmplification Length (bp)*Haemoplasma*16S rRNAfHf1 rHf2ACGCGTCGACAGAGTTTGATCCTGGCT CGCGGATCCGCTACCTTGTTACGACTT1,445/1,490*Haemoplasmarnp* B80F1 290R1GAGGAAAGTCCRYGCTWGCAC TCCCYTACCRAAATTTRGGTTTCT219--232Novel *Haemoplasma* species16S rRNAcmsf2 cmsr2AAACTCTGATGGTACCTCCTGAATAAGTGA CCTTCGCTGGGGATGTCAAACCT441--972532*Mycoplasma suis/M. parvum*16S rRNAmsf2 msr2TAAATTAAAGGAGGCTGCCGMAAGGTG TACGCCCAATAAATCCGGATAATGCTC199--582384). The 25 *µl* reaction mixture contained 2.5 *µl* of 10x PCR buffer containing MgCl~2~, 100 *µ*M of each dNTP, 250 nM of each primer, 1U *Taq* DNA polymerase (TaKaRa Biotech. Co., Ltd., Dalian, China) and 5 *µl* DNA template. The thermal program for 16s RNA consisted of 95°C for 5 min, 35 cycles of 95°C for 1 min, 50°C for 1 min and 72°C for 1.5 min, and final extension at 72°C for 10 min on the PTC-200 Thermo Cycler (MJ Research, Co., Ltd., Waltham, MA, U.S.A.). The amplification parameters for *rnpB* were 95°C for 10 min; 35 cycles of 95°C for 30 sec, 45°C for 30 sec, and 72°C for 30 sec and final extension at 72°C for 10 min.

Sequence analysis of the 16S rRNA and rnpB gene fragments
---------------------------------------------------------

The amplified gene fragments were cloned into pMD18-T vector (TaKaRa Biotech) and transformed into *E. coli* DH5α. Positive clones were sequenced using the M13 forward and reverse primers with the ABI Prism BigDye Terminator Cycle Sequencing kit on the ABI-PRISM3730 DNA Analyzer at Shanghai Sangon (Sangon Biotech Co., Ltd., Shanghai, China). Phylogenetic trees were conducted on the MEGA version 5.1 \[[@r8]\] using the neighbor-joining method. The data sets were resampled 1,000 times to generate bootstrap percentage values.

Development of a duplex PCR assay for detection of putative novel hemoplasma species and M. suis /M. parvum in blood samples
----------------------------------------------------------------------------------------------------------------------------

The primer pair cmsf2/cmsr2 were designed based on the 16S rRNA sequences of the hemoplasma species, and the primers msf2/msr2 were designed from the 16S rRNA sequences of *M. suis* and *M. parvum* ([Table 1](#tbl_001){ref-type="table"}). The 25 *µl* reaction mixture contained 2.5 *µl* of 10x PCR buffer containing MgCl~2~, 200 nM of each primer, 100 *µ*M of each dNTP, 1 U *Taq* DNA polymerase and 5*µl* templete DNA. The cycling parameters were: 95°C for 5 min; 35 cycles of 95°C for 30 sec, 61.5°C for 30 sec and 72°C for 30 sec; and final extension at 72°C for 10 min. Specificity of the duplex PCR was tested against *M. ovis*, *M. wenyonii*, *H. parasuis*, *E. rhusiopathiae, M. hyosynoviae, M. hyorhinis, T. gondii* and healthy pig blood DNA in individual PCRs. The PCR sensitivity was tested for the lowest concentration of detectable DNA templates on the pMD18-T backbone. The concentration of the recombinant pMD18-T containing the 16S rRNA fragment was adjusted to 100 *n*g/*µl*, as determined by spectrophotometry. Ten-fold serial dilutions (1 × 10^−2^ to 1 × 10^−9^*n*g/*µl*) were then made for PCR using the primer pair msf2/msr2 or cmhf2/cmhr2, as previously described \[[@r4], [@r15]\].

Occurrence of M. suis/M. parvum and the putative novel Hemoplasma species in pigs
---------------------------------------------------------------------------------

To investigate the prevalence of hemoplasma infections in pigs in Zhejiang province, 324 blood samples from 13 pig farms were detected by the duplex PCR assay as described above. At least one PCR product from each verified hemoplasma positive pig farm was sequenced for phylogenetic analyses.

Nucleotide sequence accession numbers
-------------------------------------

The GenBank accession numbers of partial 16S rRNA gene and *rnpB* gene sequences derived from this study are JX489599 to JX489604, KC907396 and KC907397.

RESULTS {#s2}
=======

Molecular characterization of the putative novel Hemoplasma species
-------------------------------------------------------------------

Initial microscopic examination showed that the blood smears obtained from the first infected pig ZJSX1101 had about 0.1% of red blood cells attached with hemoplasma-like organism with round and ellipse shapes ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Giemas stained smear of peripheral blood from a pig infected with a putative novel hemoplasma species. Approximately 0.1% of red blood cells were infected.). The PCR products of the putative novel *Hemoplasma* species for both 16S rRNA and *rnpB* gene fragments were close to those of the *M. suis* and *M. parvum* ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Amplification of 16S rRNA and *rnpB* gene fragments from putative novel *Hemoplasma*, *M. suis* and *M. parvum* in pig blood samples. M1: DNA marker DL2000. Lanes: 1, negative control; 2, 16S rRNA of *M. suis*; 3, 16S rRNA of putative novel hemoplasma sp; 4, 16S rRNA of *M. parvum*; 5, *rnpB* gene of *M. suis*; 6, *rnpB* of putative novel hemoplasma sp.; 7, *rnpB* of *M. parvum*; M2 DNA Marker DL1000.). Sequencing analysis revealed that the 16S rRNA PCR amplicon was 1,445 bp for the putative novel *Hemoplasma* species, while that of *M. suis* and *M. parvum* was 1,490 bp. The 1,445 bp 16S rRNA fragment of the putative hemoplasma species (accession no. JX489601) had 92% (1,295/1,401) nucleotide identity to Candidatus *Mycoplasma turicensis* and 81% (1,212/1,495) to *M. wenyonii* ([Table 2](#tbl_002){ref-type="table"}Table 2.Identity of the novel *Haemoplasma* species and other *Haemoplasma* species based on 16S rRNA and *rnp*B gene16s rRNA*rnp*BSpeciesSource/GenBankIdentity (%)SpeciesSource/GenBankIdentity (%)Candidatus *Mycoplasma turicensis*feline/ DQ46442392.0Candidatus *M. haemohominisHomo sapiens/* GU56282581.0*M. coccoides*murine/AY17191891.0Candidatus *M. turicensis*feline/ EF21200376.0Candidatus *Mycoplasma haemohominisHomo sapiens*/ GU56282391.0*M. parvum*pig/JX48960274.0*Mycoplasma* sp.buffalo/EF42408289.8*M. coccoides*murine/EU07861973.0*M. muris*murine/U8296389.6*M. suis*pig/KC90739771.0*M. haemocanis*canis/AY52964188.4*M. haemofelis*feline/EU14574588.2*M. parvum*pig/JX48959982.0*M. suis*pig/KC90739682.0*M. wenyonii*bovine/AY94626681.0). The 1,490bp fragment of the sample collected from a pig farm in Jiaxing, Zhejiang province (accession no. JX489599) had 99% (1,464/1,469) identity to *M. parvum* and 95% (1,402/1,470) to *M. suis*, while the 1,490 bp fragment of the sample collected from a pig farm in Ningbo, Zhejiang province (accession no. KC907396), had 99% (1,464/1,469) identity to *M. suis* and 95% (1,405/1,470) to *M. parvum*. These results suggest that pigs from these two farms had different infections, one with *M. parvum* and the other with *M. suis*.

The *rnpB* amplicon from the putative novel hemoplasma was 219 bp (accession no. JX489602), while *M. suis* and *M. parvum* had amplicons of 232 bp (accession no. KC907397) and 228 bp (accession no. JX489601), respectively. The sequenced *rnpB* fragment of the novel *hemoplasma* species was 79% similar to Candidatus *M. hemohominis* (*Homo sapiens*, Plymouth, GU562825) and 71% to *M. suis* (KC907397) ([Table 2](#tbl_002){ref-type="table"}).

The putative novel porcine hemoplasma was phylogenetically closer to Candidatus *M. turicensis*, clustered together with *M. hemocanis* and *M. hemofelis*, and belonged to the hemofelis group by their 16S rRNA ([Fig. 3](#fig_003){ref-type="fig"}Fig. 3.Phylogenetic tree displaying the relationship of the novel *Hemoplasma* strains to other relevant species based on nearly complete 16S rRNA sequences by the neighbor-joining method. The numbers at the nodes were generated from 1,000 bootstrap resamplings. Values of \<50 are not shown. Evolutionary distances are to the scale shown. GenBank accession numbers are shown. The species names in bold were from this study.). They apparently branched away from the hemominutum group including *M. suis* and *M. parvum* as previously described \[[@r5], [@r9]\]. Phylogenetic analysis of the *rnpB* gene sequences also showed results similar to the 16S rRNA ([Fig. 4](#fig_004){ref-type="fig"}Fig. 4.Phylogenetic tree displaying the relationship of the novel *Hemoplasma* strains to other relevant species based on the *rnpB* fragments by the neighbor-joining method. The numbers at the nodes were generated from 1,000 bootstrap resamplings. Values of \<50 are not shown. Evolutionary distances are to the scale shown. GenBank accession numbers are shown. The species names in bold were from this study.).

Differential detection of M. parvum/M. suis and putative novel Hemoplasma species by duplex PCR
-----------------------------------------------------------------------------------------------

The duplex PCR assay was specific for detection of the novel porcine *Hemoplasma* species (532 bp), *M. parvum* and *M. suis* (384 bp) ([Fig. 5](#fig_005){ref-type="fig"}Fig. 5.Differential detection of the novel *Haemplasma* species from *M. suis/M. parvum* by duplex PCR. M: DNA marker DL1000. Lanes: 1,384 bp product from blood infected by *M. suis*; 2,384 bp product from blood infected by *M. parvum*; 3,532 bp product from blood infected by new hemoplasma; 4, positive controls 384 bp and 532 bp of 16S rRNA inserts in pMD18-T; 5, negative control.). There were no amplicons from other tested bacterial species ([Fig. S1](#pdf_001){ref-type="supplementary-material"}). The lower detection limit was between 280 and 290 copies of the recombinant plasmids containing the 16S rRNA gene inserts ([Fig. S2](#pdf_001){ref-type="supplementary-material"}).

Occurrence of M. suis, M. parvum and the putative novel Hemoplasma species in pigs
----------------------------------------------------------------------------------

To investigate the prevalence of the putative novel *Hemoplasma* species and *M. suis*/*M. parvum* in Zhejiang, blood samples from 13 pig farms were detected by PCR. Only one pig farm was negative for hemoplasma. Twelve farms had different levels of infection with hemoplasma species. Of the 324 samples tested, prevalence of the putative novel *Hemoplasma* species was 26.5% on average, while that of *M. suis*/*M. parvum* was 50%. Sows had higher infection rate with hemoplasma (36%) than growing pigs (24.1%). For *M. suis*/*M. parvum*, the infection rate was much higher in sows (70.9%) than in growing pigs (42.6%). The rate of mixed infections of putative novel *Hemoplasma* species and *M. suis*/*M. parvum* was 17.3% ([Table 3](#tbl_003){ref-type="table"}Table 3.Frequency distribution of *Haemoplasma* species in the examined swine farms assessed using PCR assayOrganism(s)Positive No/No. pigs tested (%)SowsGrowing pigsAll pigsNo. of pigs tested86238324*M. suis/M. parvum*61 (70.9)101 (42.4)162 (50)*M. suis/M. parvum only*38 (44.2)68 (28.6)106 (32.7)Novel *Haemoplasma* species31 (36)55 (23.1)86 (26.5)Novel *Haemoplasma* species only8 (9.3)22 (9.2)30 (9.3)Mixed infections with *M. suis/M. parvum* and novel *Haemoplasma* species23 (26.7)33 (13.9)56 (17.3)Total69 (80.2)123 (51.7)192 (59.3)).

Of the 37 sequences representing 12 verified hemoplasma positive pig farms, 21 belonged to putative novel *Hemoplasma* species in samples from 12 farms, 13 *M. parvum* from 11 farms and 3 *M. suis* from 2 farms. One sample had mixed infection with all three *Hemoplasma* species, and one had dual infection with putative novel *Hemoplasma* and *M. parvum*. The 384 bp PCR fragments of *M. suis*/*M. parvum* had an overlapping region of about 120 bp with the 532 bp PCR fragments of the novel *Hemoplasma*. Phylogenic analysis of these short overlapping sequences shows that all putative novel *Hemoplasma* strains fell into the same group but different from *M. suis* and *M. parvum*. There appeared to be divergence also within the *M. suis* and *M. parvum* isolates from different farms in Zhejiang province.

DISCUSSION {#s3}
==========

The present study is the first report of a novel *Hemoplasma* species naturally infecting pigs in China. Sequence analysis of the 16S rRNA gene indicates that the novel *Hemoplasma* has close relationship with Candidatus *Mycoplasma turicensis*, a hemoplasma species isolated from feline \[[@r12], [@r14]\]. Phylogenetic tree confirmed that the new *Hemoplasma* species is different from *M. suis* and *M. parvum*.

We developed a duplex PCR method for differential detection of the novel *Hemoplasma* species and *M. suis/M. parvum* infections in pigs. Because there is high similarity of the 16S rRNA gene sequences between *M. suis* and *M. parvum* \[[@r11]\], it is difficult to design primers to differentiate *M. suis* from *M. parvum* by PCR. With the duplex PCR method, we found that infection with the novel *Hemoplasma* species in pigs from surveyed farms in Zhejiang was 26.5%, about half of that with *M. suis*/*M. parvum*. There were co-infections of *M. suis*/*M. parvum* and the novel *Hemoplasma* species that may contribute to pathogenicity in a synergistic manner. Sequencing results of 37 PCR positive samples from 12 pig farms show that *M. parvum* and the novel *Hemoplasma* species seemed to be prevalent in Zhejiang province. Sows had higher infection, possibly because of persistent exposure with increasing age \[[@r10]\].

In summary, we have identified the novel hemotropic mycoplasma species as a potential pathogen to pigs. The duplex PCR method could differentiate the novel *Hemoplasma* species from *M. suis/M. parvum* in blood samples. Although the overall carrier status was high with majority (nearly 60%) of surveyed pigs carrying hemoplasmal species, absence of apparent clinical manifestations suggests their low pathogenicity. They might be opportunistic pathogens. Their pathogenic potentials await further investigation, though it might be difficult because of their non-culturable nature \[[@r1]\].

CONFLICT OF INTEREST
====================

There is no conflict of interest.

Supplementary
=============

###### Supplement Figures

This work was supported by the Scientific and Technological Innovation Team of Zhejiang Province (2010R50027-26) and the Innovation Project of Zhejiang Academy of Agricultural Sciences, Hangzhou, China.
